Introduction
Approximately a century ago the discovery was made that liquid vegetable oil could be converted by a process of hydrogenation to a useful solid fat. The process for making hydrogenated and hardened fats from cheaper sources of vegetable oils was widely adopted after the Second World War and the consumption of these fats soared in the 1970s. 1 An unintended effect of the process was the creation of a by-product called trans fatty acids (TFA). TFA are not essential for human nutrition and have subsequently been found to be hazardous to health with adverse effects on cardiovascular disease, prostate cancer and female infertility.
This article reviews the evidence linking cardiovascular disease and TFA intake.
what are trans fats
Fatty acids are water-insoluble molecules with long carbon chains ( Figure 1 ) that have a wide variety of functions within cells including:1) maintenance of electrochemical gradients across membranes; 2) first and second messenger signalling; 3) energy storage; 4) sub cellular partitioning and; 5) protein trafficking and membrane anchoring. 2 The terms saturated, polyunsaturated, and unsaturated relate to the presence or absence of double bonds between the carbon atoms. Saturated fats have no double bonds between carbon atoms whereas unsaturated fats have double bonds between carbon molecules. Fatty acids with a single double bond are monounsaturated and those with multiple double bonds are polyunsaturated. 
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The double bond mainly exists in the cis configuration, and when that double bond is 'flipped over', it exists in the trans configuration. The trans configuration inherently changes the properties of the fatty acid including the ability of the molecule to 'bend'. The type of fatty acid incorporated into cell structures has the potential to affect multiple cellular functions including cell membrane receptor activity.
Source of TFA
Humans do not produce TFA and all comes from the diet. Two sources of TFA are found; in products derived from ruminant animals, such as milk and meat, and in foods that contain artificially manufactured hydrogenated vegetable oil. Both are derived from hydrogenation of unsaturated fats. In the case of ruminant TFA, the bacteria in the ruminant animal's gut hydrogenate the fatty acids.
The amount of TFA and the kind of TFA produced in milk and meat is determined by what the animal eats 4 with cows that graze producing more TFA than those that are grain fed. The predominant isomer of TFA found in milk is vaccenic acid (Trans 18:1n7). It makes up 55% of total trans18:1 isomers in milk fat from grazing cows compared with 33% in milk from cows fed a grain diet. In most Western countries, only trace amounts TFA ingested is from dairy sources and studies to date have not convincingly shown that ruminant trans fats are harmful. 5, 6 In contrast, there is considerable data suggesting hydrogenated vegetable oils are harmful. [7] [8] [9] [10] [11] Hydrogenated oils are solid at room temperature, have a high smoke point and a long shelf life. This allows for an unsaturated fat as an alternative spread to butter, which is an attractive option to consumers worried about saturated fat intake. It enables fast food outlets to fry foods at high temperatures and manufacturers to produce goods, such as biscuits and snacks, with a long shelf life. Industrially processed foods have been embraced in the Western world and account for the majority of TFA intake in Western countries. The most common isomers of TFA found in industrially processed food is elaidic acid (trans 18:1n9).
Human intake of TFA
Humans ingest several isomers of TFA and the common ones are listed in Table 1 . In most countries, TFA derive predominantly from hydrogenated vegetable oils, but in some countries like Denmark and New Zealand, there is little intake of processed food and a high intake of dairy TFA. 
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Dietary surveys show that there has been a large increase in industrial TFA consumption from the 1970s onwards and that the average consumption in north America nowadays is 2%-3% of total calories consumed with less than 0.5% derived from ruminant sources. 1 
Biological effects of TFA
Studies have shown that TFA have adverse effects on lipids, [12] [13] [14] [15] [16] [17] [18] [19] [20] inflammation, [21] [22] [23] [24] cell wall fluidity, and endothelial function (Figure 2 ). [25] [26] [27] Metabolic and meta-analysis show a clear and consistent association between increased TFA intake and reduced high-density lipoprotein-cholesterol (HDL-C), increased low-density lipoprotein-cholesterol (LDL-C) and triglyceride levels. These studies have also shown that TFA increase lipoprotein(a) and reduce the particle size of LDL-C, both of which contribute to an increased risk of cardiovascular disease (CVD). Changes in lipids caused by TFA do not completely account for the increased risk of CVD seen in epidemiological studies. Residual risk is due to effects on inflammation and endothelial function.
Effects on inflammation are seen in both epidemiological and experimental studies. A study of over 700 nurses showed that those in the highest quartile of trans fat consumption had blood levels of CRP that were 73% higher than those in the lowest quartile. 26 Other studies have also linked significant intake of TFA with increased circulating concentrations of inflammatory molecules such as interleukin-6, tumor necrosis factor-alpha, C-reactive protein, and monocyte chemoattractant protein-1.
Several studies suggest that TFA cause endothelial dysfunction. After adjustment for other risk factors, greater intake of trans fatty acids was associated with increased levels of several markers of endothelial dysfunction, including soluble intercellular adhesion molecule 1, soluble vascularcell adhesion molecule 1, and E-selectin. 9, 28 In another trial, consumption of trans fatty acids impaired endothelial function, as reflected by a reduction in brachial artery flowmediated vasodilatation by 29%, as compared with intake of saturated fat. 22 
Cardiovascular disease and trans fat intake
Studies have shown a graded association between increased dietary intake of TFA, predominantly hydrogenated vegetable oil and the risk of CVD. In a meta-analysis of three prospective cohort studies which included ∼140,000 subjects, an increase in 2% of energy from TFAs (or a teaspoonful a day) estimated from detailed food-frequency questionnaires was associated with a ∼25% increase in the risk of CVD. 9 The major evidence for the effect of TFA on coronary heart disease (CHD) comes from the Nurses' Health Study (NHS); a cohort study that has been following 120,000 female nurses since its inception in 1976. In this study, data from 900 coronary events from the NHS population during 14 years of follow up was analyzed. CHD risk almost doubled Benatar Dovepress submit your manuscript | www.dovepress.com
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for each 2% increase in TFA calories consumed. To put this in context, saturated fat needs to be 15% of total calories to achieve the same level of risk. 29, 30 Studies testing TFA tissue levels in serum, adipose tissue, and erythrocytes have shown a strong positive correlation between CVD risk and tissue concentration of TFA. 7, 10, 11, [30] [31] [32] Two studies have linked the risk of sudden death from cardiac causes and levels of TFA, specifically the industrial TFA trans18:2 (linoelaidic acid).
Studies are not consistent about whether specific TFA isomers have different effects on CHD risk. Elaidic acid has been associated with increased risk of sudden death, fatal ischemic heart disease and acute coronary syndrome. 7, 10, 11, [30] [31] [32] The data on effects of ruminant TFA is less convincing 6 with studies showing either neutral or adverse effects. The lack of biological effect of ruminant fats in these studies may in part be due to low levels of intake (typically less than 0.5% of total energy intake) in most Western countries.
Trans fats, the metabolic syndrome, and diabetes
There is no consistent data as to whether TFA increase the risk of the metabolic syndrome or diabetes. [33] [34] [35] [36] [37] [38] [39] The association between TFA intake and obesity disappears when corrected for caloric intake .The Nurses Health Study showed that the intake of TFA was significantly related to the risk of diabetes in 84,941 nurses. 34 This was not validated in two other studies, the Physician Health Study and a study in the women of Iowa. Possible reasons for the disparity is that the nurses had a significantly higher intake of TFA compared to their physician counterparts and the Iowa study was flawed in that diabetes was based on self-reports and diet was assessed only at baseline.
reducing the exposure to TFA
The elimination of industrially manufactured nonessential TFA should be achievable. 28 This laudable goal needs to be reached without inadvertently replacing TFA with saturated fats. There is also growing concern that emphasizing the danger of TFA consumption may shift the focus away from the dangers of saturated fat consumption and add to the complexity consumers face when reading food labels.
The WHO recommends that TFA intake be less than 1% of total caloric intake with most advice tailored towards reducing industrial TFA. 40 The Food and Drug Administration has recommended that all TFA be on the nutrition label. Food labelling may give consumers choice, but requires extensive education programs. It is more pragmatic to eliminate TFA at source and reduce levels in the food chain.
Healthier alternative oils with high smoke points such as rice bran oils are now available for deep fat fryers and changed formulations have allowed elimination of TFA from margarines. Food manufacturers are investigating hydrogenation of fatty acids without producing the harmful TFA byproduct. In countries with high ruminant TFA intake, a number of methods can be considered to reduce TFA levels including manipulating the animal's diet and filtration of the milk.
A number of countries, such as Denmark and Switzerland, have effectively legislated to eliminate industrial TFAs. Others, such as the US and Britain have implemented voluntary measures to reduce TFA in food.
Conclusion
Our consumer culture has produced many environmental hazards in the name of progress and convenience. Processed food consumption is linked with a number of heath hazards, some attributable to the presence of TFA.
TFA are nonessential fatty acids, with no benefit for human health, conversely; most studies have shown that TFA consumption is hazardous to health specifically cardiovascular health. Whilst it may be impossible to eliminate TFA from the food chain, steps to minimize exposure to hydrogenated vegetable oils is achievable with concerted efforts from legislators, manufacturers and consumers. The experience from countries like Denmark indicates that this is an achievable goal.
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